One of the expected consequences of climate change and its inherent phenomena to forest ecosystems is the gradual modification of their tree species composition (i.e. expansion of resistant species instead of less resistant ones). Climate change accompanied with increasing temperatures and a lack of precipitations may present a threat especially to spruce stands in the European part of the temperate zone. European beech is one of the possible forest tree species which might replace the potentially endangered spruce. In this paper, we observed, by using a combination of continual measurements and destructive whole-tree sampling, standing stocks of above-ground biomass (i.e. stem, branches, and foliage) and its annual net primary productivity (NPP) in naturally regenerated young stands of beech and spruce. We intentionally selected a site where the changing climate conditions are better suited to the ecological demands of beech rather than spruce (the species is dominant in the observed area). We recorded only small differences in the standing stock of stems of the beech, if based on tons per ha. However, this is in favor of spruce if based on cubic meters per ha. The largest difference between the species was found for the standing stock of foliage, spruce retained three times the biomass of beech. Also, beech allocated more carbohydrates to stem than spruce. On the other hand, we estimated nearly the same production of foliages and branches in both stands.
Introduction
Since forests store approximately 80% of the total terrestrial aboveground carbon (SIX et al., 2002) they would play a principal role in the mitigation of the climate change process (JANDL et al., 2007) . For instance, JANSSENS et al. (2003) estimated that in European conditions, forests absorb about 10% of emissions with agricultural land being a source and forests a sink of CO 2 .
At the same time, BRUNNER & GODBOLD (2007) stated that the temperate of forests in Central Europe stored about 110 t C per ha in tree biomass and 65 t C per ha in the soil (without roots). This means that nearly 2/3 of a forest ecosystems' C pool was fixed in tree biomass. At the same time, circa 3/4 of biomass is located in the aboveground compartments and 1/4 in the root system (BRUNNER & GODBOLD, 2007) . In general, an essential part of tree biomass is obviously found in the stem (WEST, 2010) . However, this assumption relates mostly to middle-age and old forest stands. Rather different biomass partitioning patterns exit in small trees. Specifically, young stages of tree growth typically have a rather high portion of carbohydrates invested into branches and foliages sometimes even prevailing over the quantity in the stem (KOZLOWSKI & PALLARDY, 1997) .
Distinct changes in tree biomass allocation to the particular compartments with an increasing stand size (age) in young stages of European beech and Norway spruce were shown by KONÔPKA et al. (2010) . The paper indicated that while the contribution of stem to total aboveground biomass increased, the contribution to branches and foliages decreased with increasing stand size. In general, aboveground tree compartments, as for carbon fixation span, can be separated into two groups: those with a fast turnover (foliages) and those with a slow turnover (stem and branches). Hence, changes in the proportion of compartments with contrasting carbon sequestration times can be assumed as well. Implicitly, the role of forest stands in carbon cycling and fixation should be analyzed and interpreted with respect (besides some other factors) to growth stage, eventual size and age.
One of the most efficient and rather simple ways to express tree biomass quantity and its structure by the compartments is using allometric equations based on easily measurable tree characteristics, often diameter and/or height (WEST, 2009) . While plenty of papers show allometric equations for old European beech and Norway spruce stands (CIENCIALA et al., 2005; WIRTH et al., 2004; FEHRMANN & KLEINN, 2006; SEIDL et al., 2010 ) only a few authors focus on their young growth stages (e.g. CLAESSON et al., 2001; PAJTÍK et al., 2011a) . At the same time, equations for tree compartment biomass estimated for large and older trees are not generally applicable to young trees (WIRTH et al., 2004) .
Our previous paper (KONÔPKA et al., 2010 ) indicated a certain tendency of biomass allocation patterns with regard to tree size. However, changes in biomass partitioning patterns were based on estimative height increments focusing at tree level. Consequently, we decided to make a step forward in this field and demonstrate in this current paper how the structure of aboveground standing biomass changes inter-annually in young stands of European beech and Norway spruce -both grown at the same site. Here, our calculations were based on empiric material of real stand growth (height and diameter increments of trees in the stands) in the specific years of observation. At the same time, a partial aim of the work was to construct stand-specific allometric equations for the aboveground compartments, i.e. stem, branches and foliages. A further mission of this paper was to estimate aboveground net primary productivity (NPP) and its structure in the particular years of our study.
Materials and methods

Site description
The site "Vrchslatina" is located in the southern part of the Veporske vrchy massif at cca 960 m above sea level (48° 38΄ 55΄΄ N, 19° 36΄ 07΄΄ E). A more detailed description of the research site is given in KONÔPKA et al. (2013b) . Since NPP and biomass allocation may be effected by climatic conditions, we measured temperature and precipitation at the site. Monthly means for 2009 -2012 as well as monthly means for a reference periods from 1961 to 1990 are shown in the paper of KONÔPKA et al. (2013b) . On this site, we selected two neighbouring stands of pure European beech and pure Norway spruce, both naturally regenerated after a stand clearance with ages between circa 12 -14 years. Both stands were approximately 0.7 ha in size making up compact clumps (groups of trees) of varying density with a few scattered gaps dominated by Calamagrostis epigejos (L.). The specific clumps were mostly composed exclusively by either beech or spruce trees.
In April 2009, we established 5 plots in beech and also 5 plots in the spruce stand. The plots were circular and placed to avoid atypical spots (e.g. gaps, stand ages and so on). The plots had a radius of between 0.7 and 1.0 m, their size depended on stand density and was adjusted to include cca 30 -50 individuals of beech or spruce. Every year since 2009, we measured basic characteristics of the trees, specifically: diameter at stem base (d 0 ), diameter at breast height (d 1.3 ) and tree height. The measurements were done outside the growing season (either very early spring or late autumn). The diameters were measured by means of digital callipers with a precision of 0.1 mm -on a stem base for all trees, and 130 cm from the ground level for those which exceeded this height. Tree heights were measured by a wooden meter -for trees up to a height of 2 m with a precision of 1 cm, for higher ones with a precision of 5 cm. Then, mean diameters, mean heights and mean stem volume were calculated as weighted arithmetic mean from plot average numbers weighted by plot sizes. To calculate the mean height we used the Lorey procedure. To the express stem volume of trees the approach as in our previous paper was used (PAJTÍK et al., 2011a) . Then, mean stem volume was calculated as an average from stem volumes for all trees on the plots.
Quantities of biomass (expressed as dry weight) for foliages, branches and stem of the specific aboveground tree compartments were expressed by these allometric equations:
where W i is biomass for compartment i (foliages, branches, stem, woody parts together, entire aboveground part), d 0 is diameter at the stem base, h is tree height, b 0 , b 1 a b 2 are coefficient, λ is logarithmic transformation bias. To construct the allometric equations which express the biomass of aboveground tree compartments using diameter and/or height as independent variables, 80 spruces (20 individuals for each specific bio-sociological position, i.e. dominant, co-dominant, sub-dominant and suppressed) and 60 beeches (15 individuals for each specific bio-sociological position) were cut at the site in September 2009. Thus, we were able to make site-and stand-specific equations.
By a combination of data on tree diameters and heights with allometric equations, standing stock of the specific tree compartments on a hectare base was calculated. In this way, standing biomass stock of live trees in April of the current year as well as the quantity of trees which died in the period between Aprils of the consecutive years were estimated. Detailed descriptions of tree sampling, laboratory procedures, construction of allometric equations and estimations of tree standing biomass on a stand level are shown in the papers of PAJTÍK et al. (2008) and KONÔPKA et al. (2010) .
In this paper, biomass for the above-ground tree compartments is calculated through the equation [3] , it means that both tree diameter and height are used as independent variables. Hence, biomass of stem, branches and foliages were estimated. However, for needle biomass in spruces, a different approach has to be used. In fact, the biomass of needles was composed prevailingly of four sets (separated by year of birth) and a very small amount of five-year-old needles. First, we estimated needle mass of the spruces expressed as a status in April 2010. This amount was determined from an allometric model, i.e. by using sample trees taken in September 2009, minus the mass of needles accumulated in litter collectors (see also KONÔPKA et al., 2013b) in the period between September 2009 and April 2010. If this "starting" needle amount is marked as B 2010 , then, biomass of spruce needles in the specific years is calculated by means of the algorithms:
where B i is total needle stock in April of year (i), b i is stock of needles born in the current year (i), L i is quantity of needle litter collected between April of previous year (i) and April of consecutive year (i+1). The stock of needles born in specific years (b i ), 2010 and 2011, was determined from felled sample trees. In both years, we felled 40 spruces (10 pieces of each biosociological status), the needle sets born in the said years were separated, oven-dried and weighed. An allometric model for the needles was constructed according to equation [3] .
To estimate the litter of needles, three open collectors sized 27 × 27 cm were placed on each plot in April 2009. Then, litter was harvested from the collectors in circa 6-weeks intervals. The mass of needles found after certain periods in the collectors reflected a loss of needles between two occasions. In beech foliages, the sum of litters harvested during one growing season was used as a reference value of figures obtained via allometric equations on a stand level.
Finally, total above-ground biomass and production was calculated as a sum of all compartments (stem, branches and foliages) on a tree level. Then, values of above-ground biomass and production were expressed on the plot levels (by summarizing all trees recorded on the plots) and up-scaled on a hectare base.
All mathematical and statistical operations were performed using the Statistica 10.0 program.
Results and discussion
The measurements proved large i nter-annual differences in the basic stand characteristics of both beech and spruce (Table 1) . While a number of trees diminished, tree size increased considerably.
Histograms of tree distribution by diameter and height classes are shown in Figure 1 . Spruce has shown and the mean tree diameters were 0.24 -0.30 cm. These increments of the mean tree parameters did not depend exclusively on growth intensity but also on the number and size of trees that died in the specific years.
As for the spruce stands, a number of the trees per hectare decreased in the entire period of observation by 44.3%, mean tree height, diameter and stem volume increased by 75.0%, 71.8% and 283.1%, respectively. The inter-annual increase of the mean tree heights were from 30 to 59 cm and mean tree diameters from 0.42 to 0.52 cm. Differences in mean tree diameters between the beeches and spruces in the first three years were low (up to 10%). On the other hand in 2012, the differences were as much as 44.6% in favor of the beeches due to the high mortality of suppressed and co-dominant spruces. This mortality influenced the height and diameter frequency distribution considerably. The number of trees per hectare in the beech stand declined in the years 2009 -2012 by 20.4%, the mean tree height, diameter and stem volume increased by 65.7%, 41.3% and 155.2%, respectively. The inter-annual increments of the mean tree height were between 47 -51 cm, By using allometric equations (see Table 2 for their parameters) we were able to calculate the standing stock of the specific tree compartments at the beginning of the growing seasons in 2009 -2012 (Table 3 ). The stem standing stock grew in the beech stand between 2009 and 2012 from 17.4 to 44.7 t.ha -1 (i.e. 2.6 fold) and in the spruce stand from 13.8 to 31.4 t.ha -1 (2.3 fold). There was a sharper increase of stem standing stock in the beech than in the spruce stand, even though in the case of stem volume it was the reverse. This happened for two reasons; the first reason was large tree mortality in the spruce stand and the second there was a higher value of wood density in the beech. A similar situation is assumed also for the standing stock of branches as well as total aboveground woody biomass. In all the years of observation, the standing stock of branch biomass was higher in the spruce than the beech stands. Particularly in 2012, the branch biomass standing stocks were 19.4 t.ha -1 and 15.1 t.ha -1 in the spruce and beech, respectively. The standing stock of foliages could not be compared between the beech and spruce stands because the beech leaves were not developed yet, thus, we used an inter-species comparison in the productions (Table 4) . We assume that the values in the spruces might be over-estimated in terms of litter amount occurrence during the development of the current year's needles. Between the years 2009 -2011, the standing stock of leaf biomass increased from 3.8 t.ha -1 , however, standing stock of the spruce needle biomass was much larger (between 13.6 t.ha -1 and 17.9 t.ha -1 ).
Biomass allocation in the specific tree compartments can be expressed in a variety of ways. Most frequently these two approaches are used: 1) by contribution of the tree compartments to the total standing biomass (YUSTE et al., 2005; SLOT et al., 2012; KONÔPKA et al., 2013) , or ii) through an allometric method in which the amount of a certain tree compartment is expressed to the biomass of another compartment (ENQUIST&NIKLAS, 2002; POORTER et al., 2011) , ultimately this is based on basic tree characteristics -diameter and/or height (PAJTÍK et al., 2008; ENQUIST&NIKLAS, 2002) . To derive this relationship, a logarithmic transformation of traditional allometric equation is used (HUXLEY, 1932; GOULD, 1966) . Our paper shows results obtained via both approaches. If we compare the contribution of the specific tree compartments to the total above-ground standing stock ( Figure  2 ), large inter-annual differences are evident for stem and foliages. While in the year 2009 the needle biomass of the spruce made up 38.7% of aboveground standing stock, the beech leaves contributed only to 14.2%. The contribution of the foliages gradually decreased over time, and in 2012 the spruce needles made up 27.8% and the beech leaves 10.8% of aboveground biomass standing stock. In 2009, the share of the stems contributed to the aboveground biomass by 65.1% in the beech and 39.4% in the spruce stands. This share gradually increased during the years of observation. In fact, a gradual increase of stem contribution, and decrease of foliage contribution to total tree biomass in young stands of beech and spruce and also oak and pine with tree (stand) size are shown in our previous works (PAJTÍK et al., 2008; PRIWITZER et al., 2009; PAJTÍK et al., 2011a, b) . The proportions of branches to the aboveground biomass were similar in both species. In 2009, the proportions were 20.6% in the beech stand and 21.9% in the spruce stand, these gradually increased in the period of observation. Biomass allocation among the tree compartments with respect to tree diameter d 0 is given in the Figure 3 . The biomass was calculated by means of classic allometric equations, which were logarithmically transformed and then retransformed to the form [1] (MARKLUND, 1987) . Coefficients of the equations are in Table 2 . The largest contribution to the above-ground NPP in both tree species was found to be stems, followed by foliages and branches. Production of the compartments in the specific years was similar in both tree species (Table 4, Figure 4 ). Annual aboveground NPP increased from 14.2 t.ha -1 to 19.6 t.ha -1 in the beech, and from 14.1 t.ha -1 to 16.7 t.ha -1 in the spruce stand. However, in the case of volumetric expression of stem production, larger figures are shown for the beech than spruce stand. This is a consequence of the different wood densities of the species ( Figure 5 ) and also contrasting developments in the number of trees. In general, it is usual for young spruce stands from natural regeneration to experience sharp decreases in the number of trees; this is caused by low light intensity under the canopy (PAJTÍK et al., 2008; DUTCA et al., 2010) . Thus, the above-ground NPP in the spruce only slightly increased during 2011 in spite of large diameter increments (see also BOŠEĽA et al., 2013) . On the other hand, a small increase of the NPP in the beech during 2011 was related to small diameter and height increments (also BOŠEĽA et al., 2013) . Interspecial differences in foliage quantities are much larger for standing stock than in NPP, because the production only covers the current year spruce needles. Besides certain inter-annual differences in NPP, rather large differences were recorded for losses on tree compartments (Table 5) . Figure 6 demonstrates a comparison of aboveground NPP by compartments between the species and the years. The largest inter-species differences are for the stem biomass this was significantly larger in the beech than spruce stands especially in 2010 and 2011. Branch productions were larger in the spruce than beech stands; on the other hand, foliage productions were rather similar in both tree species. Here, we would like to point out contrasting strategies of foliage turnover between the species. These features govern a higher role for beech foliages in carbon cycling than in the case of the spruce needle.
Conclusion
We studied the above-ground biomass standing stock and production by tree compartments in young beech and spruce stands grown under the same site conditions. The beech stand manifested relatively low tree mortality and maintained high tree density. Here, subdominant trees tried to reach the main crown layer and many suppressed trees survived in the under-layer. Most beech trees were high and slim with a high height to diameter ratio. On the other hand, the spruce stand was standard with a high share of tree mortality which suppressed; subdominant trees lacked light. The live trees invested carbohydrates to stem thickening, thus, they were lower but thicker than those in the beech stand.
Contrasting figures between the stands were found for the standing stock of stems with regard to different bases (volumetric versus biomass). A larger aboveground NPP was recorded in the beech than in the spruce stand; this is partly related to the higher wood density of beech. Large inter-species differences existed in the standing stocks of foliages, spruce manifested an amount threefold larger than beech. However, the reverse situation is expected for interspecies differences if we focus on the role of foliages in carbon cycling (evergreen against deciduous species).
